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FOREWORD

This report was prepared by Eagle Engineering, Inc., Hampton
Division, under contract NASW 4430, sponsored by NASA Langley
Research Center and the Federal Aviation Administration Technical
Center under the FAA-NASA Interagency Agreement No. DTFA03-890-
A-00019 of 13 June 1989. This report fulfills the requirement
of the Program Plan for the National Aging Aircraft Research
Program, DOT/FAA/CT-88/32, August 1989, Paragraph 2.3.2.1, Flight
Loads.

The Eagle Engineering, Inc. effort was performed by Norman L.
Crabill and administered under the direction of Joseph W. Stickle
(NASA Langley Research Center) and Thomas DeFiore (FAA Technical
Center).
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THE NASA DIGITAL VGH PROGRAM
EXPLORATION OF METHODS AND FINAL RESULTS
VOLUME III: B 727 Data 1978-1980: 1765 HOURS
Norman L. Crabill
Eagle Engineering, Inc.

Hampton Division
Hampton, Virginia

SUMMARY

Data obtained from the Digital Flight Data Recorder System of
B 727 aircraft in 985 flights and 1765 hours of airline revenue
operations are presented as an extension of the work documented in
Volume I of this report. Data on conditions with flap deployment
and autopilot use are given. 1In addition, acceleration statistics
are presented from about 26 hours on nonrevenue flights. No

discussion of the data is presented.

INTRODUCTION

This document presents the results of the NASA DVGH Program
obtained during 1978-1980 operations of Boeing 727 aircraft. This
Volume is an extension of the work and methods documented in Volume
I. The data reduction analysis and methods and data presentation
are essentially the same as those reported in Volume I. However,
this report does contain additional data on autopilot usage and
some limited acceleration-derived exceedance data obtained from

nonrevenue flights.



ATRCRAFT AND INSTRUMENTATION

Aircraft

The aircraft type was the Boeing 727-200 with three Pratt and
Whitney JT8D-15 turbofan engines. Characteristics of the aircraft
used in the data reduction process are given in Table I; the
configuration is shown in figure 1.

Instrumentation
The data were obtained from the Digital Flight Data Recorder

system described in Volume I. Measurements were:

Parameter Range and Units Samples per Second
a, +1 -3g to +6g 4

a, -1g to +1g 4

CAS 100 to 450 kts 1

HP -1,000 to 50,000 ft 1

FLP -5° to 60° 1
Autopilot Status Off or Not-Off Discrete
Cabin Pressure 0 to ~ 15 psia 1

Note that Spoiler data are not reported here, although they
were in Volume I. Flap deflection (FLP) is for the inboard right
trailing-edge flap as shown in figure 1. The cabin pressure data
type is new, and was not available in the tests reported in Volumes

I and II.



SCOPE OF DATA

Data were collected from up to 20 aircraft operating in
regular airline service over the service area, shown in figure 2,
during 1978 through 1980: Almost all of the data (985 flights and
1765 hours) were obtained during passenger-carrying revenue
service; a small amount (64 flights and 25.9 hours) was obtained
during nonrevenue service (feff&f}lights mainly, alfhough some
training and maintenance flights may have been included). Due to
operational difficulties, it was not practical to obtain continuous
data from one aircraft as in Volumes I and II; it was therefore
decided to obtain the data from any of the twenty 727-200 aircraft

being operated by the airline over the service route during the 22

months of the test.

DATA REDUCTION PROCESS

The Data Reduction Process is basically the same as described
in Volume TI. The filter used to separate maneuver and gust
accelerations was similar to that described in Volume I except that
the high 1limit of the band pass was set at 1.5 Hz based on an
inspection of representative spectra. Although the results of
reference 13 in Volume I indicate that the operation of the
autopilot can cause up to a 20 percent reduction in the normal
acceleration peak response to continuous turbulence, it was
decided, after consultation with the industry, not to account for
this in deriving U,, in order to maintain comparability with the
earlier VGH results, even though the autopilot status was being

monitored.



RESULTS
Flight and Acceleration Derived Statistics

Presentation of Flight Profile Statistics results is as
described in Volume II. Flight Profile Statistics are given in
Percent of Time, and as Maximum Values on a Percent of Flight basis
for Entire Flights (flapé up or down) and for Flaps Deflected. For
operations reported in this volume, the conditions existing at flap
retraction after lift-off, and the conditions existing at flap
deflection before landing are'gi§en.

Acceleration Derived Statistics are also presented as in
Volume I, except that with Flaps Deflected, the maximum a, per
flight and the Equivalent Airspeed oécﬁrring are presented for the
various flap detents in take off and landing. Also new are level
crossing counts for the Acceleration Derived quéntities for non-
revenue flights. Aall other results are for revehue flights. The
Acceleration Derived quantities are subject to the same limitations

discussed in Volume I, which indicates that the exceedances derived
from the DFDR systeﬁrat 4 samples:per éecond may be significantly
less than if actual peak values were counted.

The detailed Flight Profile and Acceleration Derived Statis-
tics are given in figures 3 through 24, as shown in Table II. No

discussion of the data is presented.

Autopilot Usage and Effects
Autopilot status was monitored as off, or on, without regard
to the exact on-mode for 223 hours of operations. The autopilot

was on about 56 percent of the time; 23.7 percent of the time that
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the autopilot was on, the low amplitude 1limit cycle in normal
acceleration noted in Volumes I and II appeared. ' Its character-
istics are summarized in figure 25. This phenomenon is believed
to be due to off-nominal autopilot operation in the altitude-hold

mode and is more fully discussed in Volumes I and II.

Cabin Pressure

Absolute cabin pressure was measured and used to compute the
quantity "Maximum Differential Cabin Pressure per Flight" by using
the measured absolute cabin pressure and the standard atmosphere
based on the indicated pressure altitude. The distribution of this
quantity as a function of the percent of flights is shown in figure
26.

CONCLUDING REMARKS

Data obtained from the Digital Flight Data Recorder system of
B 727-200 aircraft in 985 flights and 1765 hours of airline revenue
operations are presented as an extension of the work documented in
Volume I of this report. Some new data on conditions with flap
deployment and autopilot usage are given. In addition, accelera-
tion statistics are presented from about 26 hours on nonrevenue

flights. No general discussion of the data is presented.



TABLE 1

BOEING B 727 CHARACTERISTICS USED IN THE ANALYSIS
Geometrical Characteristics
o Wing Area = 1560 £t2

0 Wing Mean Chord = 15.06 ft

Lift Curve Slope C&a per degree

o Flaps up = f(M,HP) ‘ ' o Flaps down

M _HP = 0 20 kft 40 kft " FLP, deg HP = 0
.2 .0980  .0980  .0980 7 -0 .0980
.4 .0920 .0975  .1010 , 5 .1110
.5 .0890 .0965  .1025 : 10 .1150
.6 .0870 .0978  .1050 . 25 (TO) .1167
.7 .0845 .0990  .1100 40 (LD) .1056
.8 - .1040  .1185

.9 - .1150  .1325

Weight was computed linearly with time from takeoff to landing

as described in Appendix C in Volume I.

“oy



TABLE II

INDEX OF FLIGHT PROFILE AND ACCELERATION STATISTICS

ENTIRE FLIGHTS
Figure Number
3
4
5
6
7
FLAPS DEFLECTED
8
9
10
11

12

FLIGHT PROFILE STATISTICS

Subject
Weight vs. Flight Duration
Altitudes and Gross Weights
Altitudes and Airspeeds
Altitude Summary

Maximum Altitudes

Flap Detent Use

Weights, Altitudes and Airspeeds
Flap Deflection Times

Equivalent Airspeeds and Detents

Flap Use above 10,000 ft

Page Numbers
12-17
18
19-22
23

24-25

26
27-36
37-39

40

41



TABLE II (continued)

ACCELERATION DERIVED STATISTICS

ENTIRE FLIGHTS

Figure Number Subject

13 Normal Acceleration Exceedances

(a) a, matrix
(b) a, matrix
(c) a, matrix
(d)-(m) a, a,, a, plots

14 Lateral Acceleration Exceedances
(a) a, matrix
(b)-(k) a, plots

15 U, Exceedances

(a) U, matrix

(b) - (k) U, plots

16 Peak Positive and Negative a6 vs. Altitude

(a) a, matrix

(b)-(k) a, plots

17 Peak Positive and Negative ay vs. Altitude

(a) a,y matrix

(b)-(k) a, plots

18 Peak Positive and Negative a vs. Altitude

(a) a,, matrix

(b)-(k) a. plots

Page Numbers

42
43
44

45-54

55

56-65

66

67-76

77

78-87

88

89-98

99

100-109



TABLE II (concluded)
19 Peak Positive and Negative U, vs. Altitude
(a) U, matrix 110
(b) - (k) U, plots 111-120
o FLAPS DEFLECTED
Figure Number - Subject 7 Page Numbers

20 a, Exceedances with Flaps Deflected

(a) Take Off Detents matrix 121
(b) “Take Off Detents plot 122
(c) Landing Detents matrix 123
(d) Landing Detents plot 124

21 Peak Positive and Negative a per flight and EAS bands
(a)-(4) Take Off Detents 125-128
(e)~(3) Landing Detents 129-134
o NON-REVENUE FLIGHTS
Figure Number Subject Page Numbers

22 Normal Acceleration Exceedances

(a) a, matrix ' 135
(b) a, matrix 136
(c) a matrix 137
(d)-(m) a,, Ayr amrplots 138-147

23 Lateral Acceleration Exceedances
(a) a, matrix 148
(b)-(k) a, plots 149-158
24 U, Exceedances

(a) U, matrix 159

(b)-(k) U, plots 160-169
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(a) Gross weight at take off

Figure 3.- Percent of flights; weights vs durations.
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Figure 3.- Continued.
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Figure 3.- Continued.
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Figure 10.- Flap deflection times.
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Figure 13.- Continued.
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Figure 13.- Continued.

46



Counts/Hour

Total Flights 985
Total Hours 104.07
Total Miles 33995

105
104 L O a,
= O a
100 L D Ca,
= o
- O
102 | G
o5
i b el
101 % O<> G
i & | &
100 = N7 TS
8 O [:|<>
10 E 0) 7]
: i D<>o
102 F oS — &
10-3 11 1 1 1] L1l L1 1 .11 11 1 b 1 I 1 111 1 11

-1.00 -0.80 -0.60 -040 -0.20 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

(f) a,, a,,, a5, 9500 to 14500 feet altitude

Figure 13.- Continued.

47



Counts/Hour

Total Flights 985
Total Hours 74.64
Total Miles 28461

105
104F @) a,,l
O aw
103 4 Oag
()
Qo
K
|
O\) (Vo)
100 i | o9
=D
O
101 v 8 ] []O
E © -
- o &o
102 = SO 8- S
10-3 -.JLl L1l 1Ll LLL L1l 1L {11 1 111 ] 1.1 1 1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

() 2, e 3 14500 to 19500 feet altitude

Figure 13.- Continued.

48



Total Flights 985
Total Hours 87.46

Total Miles 36365
105

Oa,
D a
D O ag

104

103

Q

4

102

6O

Cl,

<5
Xk

101

Counts/Hour
N

. N

)

100

N

<&
%
K%
o
>
O

10

LIRRLRLRRLL ISR 1) BELERRRALL ] IIHIIT LR RLLL R R SR R

P

o1 T
o8| ] °88 9

102 -
10.3E|=| prr byt ey e be e b a o darel il

-1.00 -0.80 -0.60 -0.40 -0.20 0.00 020 040 060 0.80 1.00
Incremental Acceleration, g units

(h) a,, a,,, a, 19500 to 24500 feet altitude

Figure 13.- Continued.

49



Total Flights 085
Total Hours 132.80
Total Miles 58868

10s
104 E ©a
O a,,
105 | ® Oag
102 ATl
3 SO
% 10 Bl
= | <o
SR Z)
° £° <>
o)
oo | 3]
@9 m B 99
102 80 g & <><>8<>
10.3 1 1 1 11 1.1 1 111 | I | 111 L1 1 11 1 11 P 11

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

(i) a, ay, 2, 24500 to 29500 feet altitude

Figure 13.- Continued.

50



Total Flights 985
Total Hours 495.03

Total Miles 223580
105

O a,
O a,
§? Qa,

104

103

[

102

101

O
Q
By

Counts/Hour

100

o
&
o5
Ol
| Ry,

2
i

URLRRLLLL IR B R RIYLL B RN R LTI B AR REIL et |
¢

N
\J/,

104 b
0

10-2

10
O
<

©
O o

103 L1l LLt Lil L1l i1t L1 11 1 L1 L1l L1l

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

0 a,, a, 2, 29500 to 34500 feet altitude

Figure 13.- Continued.

51



Total Flights 985

Total Hours 663.54
105 Total Miles = 296925
10+ ; ©a
- O a.w
i O
103 E \.; anG
00| i
| E
ﬁ - 0|0
53 101 E PaNVaN
=] =
= =
3 X SEling
BT
- O
101 L Qo
2 ¢
- O
102 O H—
10.3—11 L1l | 1 1.1 1 111t 11 1 11 1.1 1 P11 1 11

-1.00 -0.80 -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80
Incremental Acceleration, g units

(K) a,, Ao o 34500 to 39500 feet altitude

Figure 13.- Continued.

52

1.00



Counts/Hour

Total Flights 985
Total Hours 33
Total Miles 147

105 &

- o)
104 | %
| = O a,y

- 04

10 Oag
= ()

- [

102 |-
= o
101 | @
- O|o
100 |
101 E
1o-zJE
10.3 -lll 1 11 L1l 1 1t 1 1! | 1 1 1 11 111 111 ] |

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80 1.00
Incremental Acceleration, g units

Q) a,, a,,, a, 39500 to 44500 feet altitude

Figure 13.- Continued.

53



Total Flights 985
Total Hours 1765.59

105 Total Miles 723083

O a,
O a,m
E? O ag

104

103

102

101

. Counts/Hour

100

- 101

P
Ol 0o

N

&

D
102 DO

N
fanl
|8 8]
i1

N
a4

LI RRAL UL | BRRALLL TTTIIM - T rrrmy 1T 1 lllllllr | |||”"P

10-3 [ T I | [ | I S O I O | | O O O O T O | S I I

-1.00 -0.80 -0.60 -0.40 -020 0.00 0.20 0.40 0.60 0.80 1.00
Incremental Acceleration, g units

(m) a,, A, A, -500 to 44500 feet altitude

Figure 13.- Concluded.

54



12" €€0EZL
65-SoLT
586

TZ EE0ETL
6S°S9LT

N
(- =]
OCoOo0OoOO0OOOOOODO

LI 00SY?Y
OL 00S§-

o
.

RMOQ
NMOQ

67971
€EE"O

©oco0o000O0

&N
Wy
—

CO0O00O00O00DOOOOVWNODODODOODGOOOD

id 00SYY
OL 00565

ANV
anve

"SOOUBPIROXS UOTIRIS[O00R [eINe] -] om3L]

spueq spmnre omssaid unpim moy 1od sJunoo Surssold [9AY] Ky ®

an $4vIA STIIN IHOI'I 'TYIOL
dn S4AVIE SYNOH IBEOITI 'TVIOL
SIBESITE "TNIOL

T1°536962
S €99

ooboco0o0O0O0CO0OO0QCO

Id 00S6E
OL 005%E

T8 6LSETZ
E0"S6Y

cocoo0co0oo0000O

&I 00SPE
OL 00562

O¥"£9885 €1°$9€9¢
0E"ZET 9y LB
0 0
0 0
0 0
0 0
0 , o
10°0 0
2070 16°0
00 €070
9070 80°0
T1°0 81°0
9€°0 £€5°0
L8°0 82" T
19°¢ 80°§
68" 2E €Y LY
€5 TTTT €27 0LS
81°92Z 0Z°0¢€
(1) &2 Loy
.0 £€0°T
LZo €€°0
60°0 80°0
20°0 Lo-o
2070 zo'o
z20°0 0
0 0
0 0
[ 0
0 0
0 0
0 0
L3 00562 I 00S¥Z
Ol 00S¥Z  OL 00S6T

SY"T9Y862
7YYL

o

000000000

&d 00S6T
OL 00S?T

SONVE AANLLLTV F9NSSTAd

9E"S6G6EE
LO"P0T

9"y

CO0O0O00O0OO0O0OO0CO

&d 00SPT

ol 00S6

»

€67 ELTIZ
1S°SOT

cCoo0oo0co0cocoo0o0ooO

0000 O0OODOOO

Ld 00S6
O 00SY

[49 1471 3¢
TL°20T

. s

HNOOO'Q
.
rrrMOOOOOOOQCGOOO

ST L8E
€S°S0TT
§9°22¢2
167 0E

ORNDONDA A
N N

[
(4]

cCoocoo0o00CO0O

L 00SY
OL 005—

ITY ¥ STIIR LESITA
LTY 8 SMNOH LHOITA

8y —
-
oy~
9t —
e~
8 -
e -
0z -
-2
Z1° -
80°—
90" -
0" -
z0°~

-

”’

s.b

55



Total Flights 985

Total Hours 102.71
Total Miles 18522
10° g —
104 E
105 L P
& O
- @)
102 |
E 0]
é - O
g 101 E 5
5 F °
1090 L— 0]
- ()]
- [0)
102 b
10-3 '-LILI. trrelree iy rrarly prretrprr brrralignte 111
-0.20 -0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(b) -500 to 4500 feet altitude

Figure 14.- Continued.

56



Counts/Hour

Total Flights 985

Total Hours 105.51
Total Miles 26174
105
104 £
103 = 1,
- o
102 Lf v,
- O
101 = ©
- o
100 LE @)
- ¢ 0)
101 |
102 ?
10-3—ll| i bi et rrrivtreribrra Il it rriiitit 11t1
-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(c) 4500 to 9500 feet altitude

Figure 14.- Continued.

57



Total Flights 985

Total Hours 104.07
Total Miles 33995
105
10 E
10% ©
102 E v)
3 ©
% 100
5 ¢ 0]
(@]
© 0 Y
: 0) ®
10 |
- ] o
10-2 D
10-3 Elll lllLllll IRENEENERERENE S ENEEEAEEEEN! L1
-0.20 016 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units C ;
(d) 9500 to 14500 feet altitude

Figure 14.- Continued.

58



Counts/Hour

Total Flights 985
Total Hours 74.64
Total Miles 28461

103

LIRS L

104 B R

P TiITTH

103

102

T VITIT 1 T TIm

101

I ETTHN
fan.\
Ny

100

)
O

AL

10-1

102

ISR BEE A

10-3 L i L Ll i e er ettty irti

-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(e) 14500 to 19500 feet altitude

Figure 14.- Continued.

59



Total Flights 985

Total Hours 87.46
Total Miles 36365
105 F
104
103 E —®D
102 |
2 F °lo
S o |
= (
§ : 0]
100 |- Q o
= ? o
. ~ ()]
10- () ' () )}
Q
102
10-37I!l| trppl e e ittt AN SERERNENENENENNI LLL
-0.20 -0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

() 19500 to 24500 feet altitude

Figure 14.- Continued.

60



Total Flights 985
Total Hours 132.30
Total Miles 58868

105

VT

104

T T

103 § S S W

URLLLALL

102

IR RLEL

101

Counts/Hour

LILBLILLALY

100

T T TITI
€]
O

©

101 d

Y
A4

T INATT

10-2

IIRILLALIAL

10-3 tiri v ip v e prdpy e v pp b tapratrrvalangg

-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(g) 24500 to 29500 feet altitude

Figure 14.- Continued.

61



Total Flights 085
Total Hours 495.03
Total Miles 223580

105

104

T LT 1

103 (D)

LR LLLL

102

101

Counts/Hour

100

101

10-2

Va v\
VvV

T M LTIty 3 uunll Ty T I

10-3 INUEREERN predb ooy pr el g gttt

-0.20 -0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(h) 29500 to 34500 feet altitude

Figure 14.- Continued.



Total Flights 985
Total Hours 663.54
Total Miles 296925

105

104

103

102

()
Q

Counts/Hour
Yud.
=

100

T T T T TITT T nulll—l"T'ﬂTTm_l'me—l'Tﬂ'nTW
@
'

10 -5

€]

10-2

a2
A\ 74

10-3rllll Lyprer g baren i trborrratereriraptlrrralind

-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(1) 34500 to 39500 feet altitude

Figure 14.- Continued.

63



Counts/Hour

Total Flights 985

Total Hours 0.33
Total Miles 147
105
104 E
108 L O
102 E
101 L
E O
100 |
101 e
102 E
10-3 —lJ 11 1Ll 71 !7171 7—IJJ7L,,I,,,',,1,I,hlrl,l l 71 L1l 1 litid 11
-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(§) 39500 to 44500 feet altitude

Figure 14.- Continued.
64



Total Flights 985
Total Hours .1765.59
Total Miles 723033.21

103

104

103

I
A %4

102

Counts/Hour
[y
=4

100

101

102

TTIORp T Ty T P T T T 1 v v g1 nﬂw T
Q

>10-3 LeLr gt teppa ieraabarrrerieeriepiiiirliilt

-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a,, g Units

(k) -500 to 44500 feet altitude

Figure 14.- Concluded.

65



PRESSURE ALTITUDE BANDS

9500 TO 14500 TO 19500 TO 24500 TO 29500 TO 34500 TO 39500 TO ~500 TO
14500 FT 19500 FT 24500 PT 29500 FT 34500 FT 39500 FT 44500 FT 44500 ¥T

4500 TO
9500 FT

=500 TO
4500 FT

0.01
0.05
0.10
0.18
0.56
1.88
13.17

1615.16

FT/SEC
100
920
80
70
€0
50
40
30

0.01
0.04
0.17

0.02
0.05
0.11
0.20
1.18
8.59

1749.36

0.01
0.08

0.04
0.42
1.92
8.75
43.58
228.43
1083.63

0.03
0.08
0.2¢4
1.63
16.55
1521.30

0.07
0.22
0.75
3.58
30.02
1258.02

0.01
0.03

0.

0.36
2.00
10.39
73.75
1139.33

0.74
3.72
23.12
1707.62

0.01
0.10
1.70

1848.57

22

3.64

1896.69

2068.12

22.88

74.65 30.31 16.53 13.55 8.53 3.50 1.67

10.08

223.92

[
0.18

"M o

[a)
- O
oo

-]
o N
- O

9
0.25
o.

[
~n
- O

1.76
0.42
0.15
0.04

2.03
0.40
0.09
0.01

42.44
8.84
1.94
0.53

0

0.01

0.12
0.07
0.04
0.01
0.01

0.27
0.05
0.01

0.05
0.01

0.06
0.01

0.01

0.04

66

-30

-40
=50
-60
-70
-80
-90
=100

1765.59
723033.21

33

146.91

663.54
296925.11

495.03
223579.81

132.30

58863.40

87.46
36365.13

T4.64
28461.45

105.51 104.07
33995.36

26173.93

102.71
18522.12

PLIGHT BOURS @ ALT
FLIGHT MILES @ ALT

985

TOTAL FLIGHTS

F1APS UP AND DOWMM 1765.59
FLAPS UP AND DOWN 723033.21

TOTAL FLIGHT HOURS
TOTAL FLIGHT MILES

counts per hour withing pressure altitude bands

crossing

(@) Uy, Level

Figure 15.- U4, exceedances.



Counts/Hour

Total Flights 985
Total Hours 102.71
Total Miles 18522

10s

E
104 |
105 L &
» o|o
102?
= oO| O
101 », C
O ')
100
O o)
101
) 0]
10-2
10.3 ik i tbbtlritilirtiitg Lt Lt iLiLLl 1r 1 iriliirrtit 1111
50 40 -30 -20 -10 0 10 20 30 40 50
Ua,,fl/sec

(b) -500 to 4500 feet altitude

Figure 15.- Continued.

67



Total Flights 085
Total Hours 105.51
Total Miles 26174

103

E
104 L
105 | o
02 |
10 E o] [©
=] =
O =
% 101 |~ o—-—o
g =
& - D C
O 100
O 10
101 © O
102 = - €./
10.3 '—Illl trredb et e b by e el L1l 1
50 40 -30 -20 -10 0 10 20 30 40 50
U, ft/sec
(c) 4500 to 9500 feet altitude

Figure 15.- Continued.

68



Total Flights 8
Total Ho%rs 1

Total Miles 3 35(9)451 '

5
07

10s

LR

104

P

103 )]

LU ARRL

102

lIRARRRL

101

Counts/Hour
T TTTI

100

LRRALL

101

T TTTrm
O
O

Va s
W

10-2

LIRARARIL

103 1] I_Lllllllljllllll L1l LIt irl)

L1l

40 -30 20 -10 0 10 20 30 40
U, ft/sec

1
¥
o

(d) 9500 to 14500 feet altitude

Figure 15.- Continued.

69

50



Total Flights 985

Total Hours
Total Miles 284Z{‘ -64
105
104
102
2
o 0|0
a
g
O 100 ©cl10
X g
104 O -
o o)
102 — O
lO-’,llll s benrndbrvn by b i Lt il 1t lll
50 40 -30 -20 -10 0 10 20 30 40 50
Ude’ft/sec

(e) 14500 to 19500 feet altitude

Figure 15.- Continued.

70



Counts/Hour

Figure 15.- Continued.

71

Total Flights 985
Total Hours 87.46
Total Miles 36365
103
104
. 103 D
102
101 Qlo
100 O ©
D Q
O
10+ O Oo
0] [0
102 & O
10.3 il il e it ireiaaerteepntoneederrnlernntann
-50 40 -30 20 -10 O 10 20 30 40 50
Udo’ ft,lsec
() 19500 to 24500 feet altitude



Total Flights
TotalHqulr‘s %%3.80
Total Miles 58868
105 3
10+ [
109 ; )]
102€
g §
3 OF oo
g ;
O 100 o—1—Q
D a
0- O
101 Od' =
)]
)]
102 C} 61
10-3 Liirl IRENREEN! 111l 1111 A ERNA R RERIN NN P11l
50 40 -30 20 -10 O 10 20 30 40 50
U,., ft/sec
(g) 24500 to 29500 feet altitude

Figure 15.- Continued.

72



10s

Total Flights 085
Total Hours 465.
Total Miles 223580

104

103

102

101

Counts/Hour

100

T OO v I T YTy T rrnn T g rrm

101

D

g

102 ot

=2

Lot i et il el bt i)

103 Ll it il il

-50 40 -30 -20 -10

0 10 20 30 40

U,, ft/sec

(h) 29500 to 34500 feet altitude

Figure 15.- Continued.

73

50



105

Total Flights 985

Total Hours
Total Miles 29685 >4

104

103

102

101

Counts/Hour

100

10

10-2

©

)

()

T VTIO 1T TTOm 1 Ty T rroom |uunl|'_|"l'l'|'l'|'l'l1 T TTITT 1 111

RN I ENEEE NI En

HEENIEN NSNS E NN NEENEE N

£
4

103

&

40 -30 -20 -10

0

10 20 30 40 50

U, ft/sec

(i) 34500 to 39500 feet altitude

Figure 15.- Continued.

74



Total Flights 985
Total Hours .33
Total Miles 147

105

104

103

102

101

Counts/Hour

100

ELBLRRLLY BEREREREV! SRR MR RRELI B IIIIIIT T uuuq T Illlllfﬂ

102

10-3 11ttt riliret 1111 1111 Tpttiettiiltiril 1111
50 40 -30 20 -10 O 10 20 30 40 50
U, ft/sec

() 39500 to 44500 feet altitude

Figure 15.- Continued.

75



Total Fights 1983 59
0 Ours .
Total Miles 723083

103

104

103

102

LRULLLLL

101

Counts/Hour
T TETHI

100

10~

10-2

N
i/
oD
~

103 & ypp o bppgp el lraen i it LtEll Litilireii il

50 40 -30 20 -10 O 10 20 30 40 50
Udv ftjsec

(k) -500 to 44500 feet altitude

Figure 15.- Concluded.

76



‘opmre sa " 2aneSou pue aanisod yead -'91 omSiy

deyy Lae *spueq opmnpe amssoid U $9IN200
131y 30d Ye oAneSou pue samisod yeod arogm s1ySiyy JO U] (8)

77

$86 SIEOITA ‘TYWIOL
TZ EE0EZL  T6°9¥T TI"SZ6962 T8 6LSEZT  O¥ £9885 €1°S9E9E SY 19982 9E"SE6EE €6°€LTIZ T1°2ZS8T ITY @ STIIN 1BOITA
65°S9LT EE°0 ¥S- €99 E0°S6Y 0€"ZET 9%~ L8 9 YL L0 YOT 1§°S01 TLZOT ITY ® SYNOH IHOITA
[ 0 0 [ 0 ] 0 0 0 0 08" T~ 09" 1-
[ 0 0 0 0 0 0 0 [} [ 09" 1~— [} 2 o
0T 0 0 [ ] 0T’ 0 [} 0 0 0 0 oy 1~ 0z 1~
0 0 0 0 0 0 0 0 0 0 0z T- 00" T-
010 0 0 0 0 01’0 0 0 0 0 00" T- 08" —
0 0 0 o 0 0 0 0 0 [ 08— oL -
0T 0 0 0 0 0 010 0 0 0 [ oL - 09—
oy'o 0 0 0T"0 0T’ 0 01’0 0T 0 0 0 0 09"~ oS-
0T T 0 010 0Z°0 0T"0 0Z°0 0Z°0 0Z°0 01" 0 0 05"~ oy —
ors [} 0€E"0 09°0 oY o 0Z°0 0Z'0 0T T (48 ¢ 0yt oy~ 0g -
06" €€ 0 0z 0€°2Z 00°2Z oL"T 08" 1 (1 00°8 0y 1T 0E" - 0z -
00" 8¢ 0 007 € 00°€ 0E" T 08T 092 09°5 00°9 08" %1 TR 3
0870 [} ov-z 0z'2 oL’o 08°0 0y’0 09°E 0z € 06°9 ST — )
0970 0 0€’0 0 0 0 0 0 01’0 0Z"0 ot - S0°~
or-o 0 01" 0 0 0 0 0 01’0 010 01" 0 ot” (1N
0z 8 0 09°0 08°0 0Z'0 0T 0 0T 0 [ 4 ¢ orz 082 ST ot*
oL"LZ 0 01" 1 08°Z 00°T 0Y°'0 0Z°1 06" € 099 oL OT 0z ST”
016y [ oT'T 09°2Z 00°2 0z'z (1) i 4 oL’ 09°21 oL 6T oe" 0z"
05" 1T [ 05’0 oL’ 0 05°0 05°0 05°0 0Z°1 00" € 0s°Y oy" (1>
06" 1 [ 010 01" 0 0Z°0 0T 0 0 0£°0 09" 0 05°0 0s* oy-
08°0 0 0 0T°0 0tT°0 [} 0Z'0 010 01" 0 0Z°o 09" 0s"
0Z'0 0 0 [ 0 ° [ 01" 0 0 01" 0 oL® 09"
0 0 0 0 [ 0 0 0 0 0 08" oL"
[} &l 0 0 0 0 0T°0 0 0 0 [ 00°T 08"
0 0 0 0 0 0 0 0 0 0 0z'T 00°T
0 0 0 [} 0 0 [ 0 0 0 oyt 01
) 0 [\} [} 0 0 0 0 [} 0 091 oyt
[} 0 [} 0 0 0 0 [ [ 0 081 09°1
oL noul 5.8
IBEOITL
EOVE 304 THART
em ﬂ_l
IZ 00SYY I3 00SYY 13X 00S6E LI 005YE L4 00562 LI 00SYZ I 00S6T I3 00SYT 13 0056 13 00SY
oL 005- OL 00S6E Ol 00S¥E OL 00562 OL 00592 oL 00561 oL 00S5¥T ol 0056 oL 005y oL 00S-

SAONVE HANLLLTV 24NSssTad



Total Flights ggg
Total Hours 102.71
Total Miles 18522.1

102 -
, = O
101 | - aP [a
~ O
- @)
i O
'?b 100 | &
B = O
= N
f‘; - 0 o)
8 101 | - o
A :
102 |
10.3 111 [ I 11 P 1.1 1 1 1 1 b 1 1 11 1 11 L1l ] 1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
a,g’s

(b) -500 to 4500 feet altitude

Figure 16.- Continued.

78



Total Flights 985

Total Hours 105.51
102 Total Miles 26173.9
2
101 |- Q
E ° | d
u O
i o| ©
<] 100 |- 0
B8 i
g
8 107 k © S ©
A
10’2 E
103 111 LLl LLl L1l L1 L1l L1l L1l Lt i 1.1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
a, g’s

(c) 4500 to 9500 feet altitude

Figure 16.- Continued.

79



Total Flights 985
Total Hours 104.07
Total Miles 33995.4

102
101 |
. o) O
- Ofo q
% 100 | @) ol O
Yy C O
bt - o)
=
§ 10 S © o1+
g f
10'2 E
10.3 ) 11 tilld 111 I 11 1 11 1 11 | . | 1 i1l LL1 1 11
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 0.40 0.60 0.80 1.00
a, g’s

(d) 9500 to 14500 feet altitude

Figure 16.- Continued.

80



Total Flights 985

Total Hours 74.64
102 Total Miles 28461.5
101 b
B O:) ®)
4 100 L
g5 -
i = o O
- ~
= - O|0 @)
5 101 S T
&
102 |k
10»3 L1l Il lllllllllllllll LI L.l Lert it
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00
a, g’s

(e) 14500 to 19500 feet altitude

Figure 16.- Continued.

81



Total Flights 985
Total Hours 87.46
Total Miles 36365.1

102
101 |
" O:) @)
a 100 —
5 3 O
= q °
g - 0|0
g 101 o Al P P Pt
= L\ L S L ~7
& F
102 E
10.3 1 1 1 1 11 1 11 111 111 | S 1y 11 dl] 111111
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00

a, g’s

(f) 19500 to 24500 feet altitude

Figure 16.- Continued.

82



Total Flights 985

1.00

Total Hours 132.3
102 Total Miles 58663.4
101 |
- O @)
a 100 | D a
S g o)
I 0 °
S - O 0
8 101 L o-ol—1 o
5 2
A -
].0‘2 E
10.3 11 1 111 P 1.1 L1 1 111 | 111 P11 1 L1 1 11
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80
a, g’s
(g) 24500 to 29500 feet altitude

Figure 16.- Continued.

83



102

101

8 100
:
B
&

g 101
o

102

102

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 0.40 0.60 0.80

Total Flights 985
Total Hours 495.03
Total Miles 22379.8
¥ ofo do
: o ©l ©
- O
I 1 ¢ 111 1 L1 1 1.1 | Y I O 11 1 1t 1 ti i

Figure 16.- Continued.

a, g’s

84

(h) 29500 to 34500 feet altitude

1.00



Total Flights 985
Total Hours 663.54
Total Miles  296925.1

102 ¢
101 |
i 030
a 100 | an
3 i @) O
g
§ 101 | & © ©
[-¥] -
A -
10'2 |
10-3 1 1 11111 1 11 11 t1111 1 1 1120l ) 1 1 [ 1 1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
a,g’s

(i) 34500 to 39500 feet altitude

Figure 16.- Continued.

85



Total Flights 985
Total Hours .33
Total Miles .146.9

102 =
10t |
E 100 =
é” -
o C NO OCCURRENCES
E d
g 101 - —
-
102 E
10.3 11 1111l 111 !t 1Lt 11l 11 1t 111 } 11 1t ri ]

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 080 1.00
a, g’s

(3) 39500 to 44500 feet altitude

Figure 16.- Continued.

86



Total Flights 085
Total Hours 1765.59
- Total Miles 723033.3

102
- oP CO
= O
101 - @]
= O
- O
B O
a 100 Q _
&b E o)
2 F ©
- O @)
> »
2 B O
g 101 S e ©
& F
10'2 E—
10.3 111 1 | 1 111 t 11 1 11 111 1 L1 1 11 111 1. L1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
a, g’s

(k) -500 to 44500 feet altitude

Figure 16.- Concluded. @

87



apranre sa WY oaneSou pue oanisod yead -'L1 2m8ty

deyy Aue ‘spueq spmne amssaxd urpa somaso
19313 30d W% saneSou pue oamisod yeod azoqm SISy Jo Tus0Iad (B)

586 SIEDIIX ‘TYLOL
TZ EE0ECL T6"99T 11°S26962 T8 6LSETZ 0¥ €E988S €1°G9€9€ SY°T998Z 9€"SG66EE €6°ELTIBC [49 47 19 1Y B STIIN IBOI'1A
65" S9LT EE"O ?S5° €99 €0°S6Y 0E"ZeT 9Y° L8 9°rL LO"YOT T§°S0T TL°20T 'Y 8 SY00H IBOI'IL
0 0 0 0 0 0 0 0 0 1] 08°T—- 09°1—
0 0 0 0 0 0 0 0 0 0 09°T- 0¥ 1—
0 0 0 0 0o 0 ] 0 0 0 0y 1- 0Z°1—
0 0 0 0 0 0 0 0 0 0 0Z°T~ 00" T~
0 o 0 0 [} 0 0 [} 0 0 00°T- 08°—
0 0 [} 0 0 0 0 0 0 0 08°0~ OL'-
0 0 0 0 [} /] 0 0 0 0 0L"0- 09°—
0 0 0 0 [} 0 0 0 0 ] 09°0— 0§°~
0 0 0 0 [} 0 0 0 0 0 0§°0—- 0¥ -
0E°0 0 [} 0T 0 oT"0 0 0 0T 0 [] 0 oy"0— 0E°—
06°T 0 00 0Z°0 0E"0 0€°0 010 0T 0 0Ss°0 0T 0 0E"0~ 0T°~
oT"»T 0 [+ 2 e 4 0670 0E" T oL 0 oL"0 or-c 09°€ 0E°T 02°0— ST°—
08°19 0 0Z°6 08°L 0z°y 0s°2 [+ E o 4 0Z° €T 0y 0T oy 21 ST°0- 0T -
08" 12 0 09°€ oL 2 08°0 08°0 09°0 oy E oyt 099 0T"0— SO0°—
00°9 [} 0E"D 0E°0 oo 0T°0 0T°0 0s°T 0E"T 06" 1 0T 0 s0°
oL LE o 0Z°1 0Z°2 oL'T 00°T 08°T 09°% 058701 09°ET ST°0 ot"
0y°95€ 0 0E°0 09°T oy I oy 1 1) B 8 0SS 00°6 oL"ST 0Z°0 ST
09°81 [} oy o 08°0 oy'o oL 0 06°0 [+) 4 0z°9 oL"9 0E"0 oz"
0E"T 0 0 [} 0T 0 o 0 0E"0 oy 0 05°0 oy-o (1] -
0 [ o 0 0 [} [ o 0 0 0s°0 oy”"
0 [ 0 0 0 [} [} 0 0 0 09°0 0S"
0 [} 0 0 0 0 [ ] 0 0 oL 0 09"
0 [ 1] 0 0 ] 0 0 [} 0 08°0 oL”
0 ) 0 0 0 1] 0 0 0 0 00°T 08"
0 0 0 0 0 0 0 0 [} 0 0Z°1T 00" T
0 o 0 0 0 [ 0 0 0 0 or T oz
0 1] ] 0 0 0 0 0 o [ 091 or'T
0 0 0 0 0 0 0 0 0 0 081 09°1
O& woud 5,8
IBOITA
BEOYX 304 TIAYI
‘“‘
LI 00SYY LI 00SYY Ld 00S6€E L& 00SYE L& 00562 Ld 00SYZ Ld 00S6T i 00SYT L& 0056 Ld 00SY
OL 00§-— O% 00S6E OL O00SYE Ok 00562 OL 005Y2 Ol 00S6T OL 00S7T OL 0056 O% 005y OL 00S-

SONVH HANLLLTV FANSSTdd

88



Total Flights o8s

Total Hours

Total Miles 18522.1

102
10 | o | &
= O O
_ O o
_a 100 |
i : O
5 N
=
§ 101 | S
& :
10'2|=—
10.3 Ll L1l.L L1l 1.1l L1l {1 L1l L1l Lt L1l

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80
am &S

(b) -500 to 4500 feet altitude

Figure 17.- Continued.

89

1.00



102

101

100

10

Percent of Flights

10-2

102

Total Flights 985
Total Hours 105.51
Total Miles 261793.9

= 2 o-

: O

Z O O

O
: © o
1 1 1 1 11 P11 1311 1 11 i1 11111 111 1t | P 1.1

-1.00 -0.80 -0.60 -040 -020 0.00 020 040 0.60 0.80 1.00
> &S

Figure 17.- Continued.

90

(c) 4500 to 9500 feet altitude



Total Flights 986

1.00

Total Hours 104.07
102 Total Miles 33995.4
101 = o
= G0
B O
a O O
O
a 100 -
s [ ©
§ ,
o 101 E -6
£ F
102 E
10.3 | | 1 1.1 L. L1 111 L1l L1l Ll L1l L1 1 1.1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80
A, 8'S

(d) 9500 to 14500 feet altitude

Figure 17.- Continued.

91



Percent of Flights

Total Flights 985
Total Hours 74.64
102 Total Miles 28461.5
101 =
Z o %
100 |- —
: C o
101 | e &
102
10.3 LI t1l1l1ll L1l t 111111 1.1l L1l 111 FP i1l

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80 1.00
A &S

(e) 14500 to 19500 feet altitude

Figure 17.- Continued.

92



Percent of Flights

102

101

100

10

102

10-3

Total Flights 985
Total Hours 87.46
Total Miles 36365.1

- O

OO "o

- 0

11 1 1 L1 | . | 111 1 11 11 1 L 1] |- 1L 11 1 1.1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80 1.00
am g’S

Figure 17.- Continued.

93

(f) 19500 to 24500 feet altitude



Total Flights 985

1.00

Total Hours 132.30
102 Total Miles 58863.4
10 |
o
a4 100 ' O _ Q]
) = O
“ﬁa E o O |0
g
3 101 | o o
-
].0'2 E
10.3 i1 1 1 P 11 1t 11 11111l P11 |10 I O IO O O O O O
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80
A 8'S
(g) 24500 to 29500 feet altitude

Figure 17.- Continued.

94



Percent of Flights

102
10! |-
= O
= o) o
O
100 —
3 (@)
-
- O
B O
101 | o
=
10’25
10 Ll dly pr gt do v e by byl gl

Total Flights 985
Total Hours 495.03
Total Miles 223579.8

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
A £'S

(h) 29500 to 34500 feet altitude

!
i

Figure 17.- Continued.



Percent of Flights

Total Flights 985
Total Hours 663.54
102 Total Miles  296925.1
101 = ”)
- o)
. 0
100 | Q
- o) o0d°
101 |
10'2 lf
10.3 1 1 ! 1 11 11 111 i 11 1 1.1 1 11l L1l I 11 1 1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80 1.00
A 8’S

(i) 34500 to 39500 feet altitude

Figure 17.- Continued.

96



Total Flights 985
Total Hours 33
Total Miles 146.9

102 =
10! |
'?b 100 L
% - NO OCCURRENCES
E L
S 101 |
g f
10'2 E
10.3 L.l LLl LLl L1 L1l L.l L1 L1l Lii i .l
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 0.40 060 0.80 1.00

A, 8'S

(j) 39500 to 44500 feet altitude

Figure 17.- Continued.

97



Total Flights 985
Total Hours 1765.59
Total Miles  723039.3

102
a e
N @
B @) O
101 = S
- O
- O O
_ié? 10¢ =
&b -
0 -
g i O
5
-1
3 10 =
[] -
A -
10-2 L
10.3 1 11 L 11 1 et 111 | I O O O T O O O O | 1 114 111 L.11
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 020 040 060 0.80 1.00
Ay, &S

(k) -500 to 44500 feet altitude

Figure 17.- Concluded.

98



G86

TC €E0ETL
65 SI9LTY

(-}
-

.

L4 00SPY
OL 00S—

167991
€EE"0

CO0O0CO0OO0ODO0OOOOOO0O0OO0CO

000000000 O0OCOCO0O

Id 00SYY
OL 00S6E

T1"STE96T
yS°€99

o

A 100000000 CO

(- -
oM< N

o

o

(-]
M NT ™M

.
OCO0O0DO0ODO0OO0DOCOODDOM AN~

(- -]

&d 0056€E
OL 00SPE

‘spmne sa % oanesou pue sanrsod yead -'S1 n31

deyy Aue ‘spureq spmnre omssaxd urpm s3mMs00
131 1od D% oaneSou pue aanisod yead axoqm SIS JO 1SR (2)

SLEOI'IA 'TVLOL

T8 6LSETT
€0 S6Y

NN o
MMM L)

H ]
HMNNHOCOQOOOOOOO

o

[~E-N-N-]

S NeIn®WO
000000000 M NNA

(-]

Ld 00SYE
OL 00S6Z

oy €988S
0€°ZE€T

[-3
-

o o
~N i
MO RODOODOO0OOOOO

o

o

o0
ownrw

o

-~
M NOWN

o
-
CO0O0O0000O0CO0COrHMMHAAHA

&Ld 00S6C
OL 00SYZ

€17 S9€9¢€ Sy 1982

9v-L8 9°9L
0 0
0 0
0 0
0 0
010 0
0 0
0 010
0T 0 o
0T 0 ot0
0€°0 0€"0
0570 0zt
09°1 oL'T
09°T () 44
05°0 08°0
0€°0 08°0
09°1 00°2
09°1 oL 1
orT 01
0Z°0 0
0T 0 010
0 0T°0
0 0
0 0
010 0
0 0
0 0
0 0
0 0

&d 00592 L3 00S6T
OL 00S6T Ok 00S?T

SANVH HANLLLTV TANSSHAd

9€ " S66EE
LO"Y0T

o
2l
.
T MOMNOQOODOOOO0OOOO

o

*

o

o [~ 3=
0wV~

o

Lol a e B o
000 0CO0OCOO0COOCOrH MW

(-~ - - -]

&4 00SPT
OL 0056

€6 ELTIZ
1$°S0T

NHdo00O0ODOCOCO

e 0
[ -]

oLy
05

=3
o«
~N

(=]

[~
OCO0CQ0OO0O0OO0OO0OO0OwWwEYNN

[~

¥

o

o
HuBir~-mom

o

id 0056
OL 00S?

(49K £41:28
TL 20T

CODO0O0OO0OOO0O0O

00000000

&I 00SY
oL 00—

LTY¢ B STIIN IHD
LI¢ B SYNOH IHO!

08°T— 09°1—
09°T- 0%"1-
oy T- o0¢°1-
0Z°T- 00°T-
00°T—- 08°—
o8- oL -
oL~ 09"~
09°- 08"~
0§ - 09—
oy~ 0€°—
0E"~ 02—
0z'- ST°-
ST'- O0T'-—
0T~ §O°~—
oT” S§0°
ST” 0T’
0T" ST’
0E" 0z”
oy’ 0€”
0s” [
09° 0s”
oL” 09°
08" oL”
00°T 08"
0Z°T 00°T
or'1 0T°1T
09°T 1] 2 §
08°1 09°T
o1 wouz s.8

LEDITA

HOYA ¥0d TEAXT
xou e

114
1A

99



Tmes  ty,

Total Hours
102 Total Miles 18522.1
101 | "\O Q"
- Ol olpo |O
§<] 100 -
5  F o O
= F
<)
§ 101 e N R C
g F
102 |
10_3 ] 1 1 111 LLL 111 1 L 1 1 1. 1 1111111 | 1 11

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80
a0 'S

(b) -500 to 4500 feet altitude

Figure 18.- Continued.

100

1.00



Total Flights 985
Total Hours 105.51
Total Miles 26173.9

102
10t |
: o | Qo
b— Oo
% 10°5 =)
= F ©
S i
g
8 101 | ©
I
102 |
10-3 LLL L 11 L L it it 131111 Ll LLL L L L1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 0.80 1.00
a5, 8’S

(c) 4500 to 9500 feet altitude

Figure 18.- Continued.

101



Percent of Flights

Total Flights 985

Total Hours 104.07

102 Total Miles 33995.4
101 |

s o)

: 030 C

Ol0 |O

100 |-

; @] @)
101 | S ©
102 E
10.3‘Ll [ 8 . | 1 1.1 11111t 1 1 1 | I 11t 1 11 [

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 0.40 0.60 0.80
-

(d) 9500 to 14500 feet altitude

Figure 18.- Continued.

102

1.00



Total Flights 985
Total Hours 74.64
Total Miles 28461.5

102
101 |
4 100 o | 10
g = o0
= =
5 [ ©
g
8 104 L or—o oo
[.3] ny
A =
10'2 E
10-3 i 1 111 P11 1 1.1 { 1 1 1 1 1 P 11 P11 111 1 1
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 080 1.00
a4 8'S

(e) 14500 to 19500 feet altitude

Figure 18.- Continued.

103



Percent of Flights

Total Flights 985
Total Hours 87.46
Total Miles 36365.1

102

T TV

101

IR RRAL

100

LESLRARLL
@)
O

101

@

¢
)
)
)

1IIRELERAAL

102

T 1 IIIHI'H

10-3 | S T 0 I | | [ O O T 0 T O IO O O B L1 L1

_1.00 -0.80 -0.60 -040 -020 0.00 020 0.40 060 0.80
a: 8’8

() 19500 to 24500 feet altitude

Figure 18.- Continued.

104

1.00



Total Flights 895
Total Hours 132.30
Total Miles 58863.4

102

101

Ol O

2 100k o+Qf2a
_'go - D
5 - o O
g 101 | o S
A :

10‘2 E

10.3 11 1 111 1 11 1 11 1 11 1 1.1 1 11 111 1 11 1 b1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 0.40 0.60 0.80 1.00
A 8’S
(g) 24500 to 29500 feet altitude

Figure 18.- Continued.

105



Total Flights 985
Total Hours 495.03
Total Miles 223579.8

102
101 =
- v | &
o)
ol O O
g 100f
&b =
> - o)
> -
S - o)
=
g 101 'S o
[} -
A o
102 =
10-3 1+ Li1i 1l I 11 [ R | [ | L LA 111 I 1
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 020 040 060 0.80 1.00
A, 8'S

(h) 29500 to 34500 feet altitude

Figure 18.- Continued.

106



Total Flights 985
Total Hours 663.
Total Miles 296925.1

102 =
101 |
-
B o)
- @)
:ngb 100 = O:I) O )
S - o
g
g 101 | S
[« -
Ay -
102 b
10.3 1.1 P 1.1 L1 11111 1! 1 11 L1 g 1 11 1 11 [
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
A 8'S

(1) 34500 to 39500 feet altitude

Figure 18.- Continued.

107



Total Flights 985
Total Hours 33
Total Mﬂes .146.9

102
101 = 1
3 100 =
fgo E
- - NO OCCURRENCES
S B
§ 101 =
£ F
10'2 E
10.3 111 111 111 1 11 1 11 t1r 11111t 111 1t 11 ! 1]
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 060 080 1.00
a4 8'S

() 39500 to 44500 feet altitude

Figure 18.- Continued.

108



Total Flights 985
Total Hours 1765.59
Total Miles  723033.3

102
B O O O
101 = o
- o)
- \ o)
4 100k
g - e ‘o)
8 101 Lo—1—o e
A -
102 E
10.3 1 11 1 11 1.1 ] 111 llrl 111 111 111 1 11 P 114
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
a. g'S

(k) -500 to 44500 feet altitude

Figure 18.- Concluded.

109



9500 TO 14500 TO 19500 TO 24500 TO 29500 TO 34500 TO 39500 TO -500 TO
14500 ¥T 19500 FT 24500 FT 29500 FT 34500 PY 39500 ¥T 44500 FT 44500 PT

4500 TO
9500 FT

-500 TO
4500 FT

MAXTMOM Un.

LEVEL FOR EACH
FLIGHT
PT/SRC

100

10

0.

10

0.

0.40
4.20
9.60
25.10
36.60
23.20

0.10
0.60
1.60
4.20
5.30
3.10

0.30
2.70
7.10
18.10
24.80

0.10
0.10

0.20 0.10 0.10
0.10

0.30
0.50

0.10

0.10

o
L]

0.60
0.50
0.10

0.20
0.80
0.80

©

1.

0.50

0.70

1.30

1.90

14.70

23.40
34.50
24.30

0.40
0.90
0.60

0.20 0.90
1.00

0.90

0.60
0.40
0.50

4.40 1.80 0.70
2.20 1.00

4.40

14.30

23.70

10.30

© O
n -
(- -]

0
0.10

(-4
"“ N
o o

0
0.70

o
N
< -

17.30
7.50
3.80
0.30

5.30

0.10 0.20

0.20
0.20

0.20

.80
0.10

0.10

0.10

0.10

0.10

S8S332888
"""?"n'
110

1765.59
723033.21

0.33
146.91

663.54

296925.11

495.03
223579.81

132.30
58863.40

87.46
36365.13

74.64
28461.45

105.51 104.07
33995.36

26173.93

102.71
18522.12

FLIGHT BOURS @ ALT
FLIGHT MILES @ ALT

985

FLIGHTS

(a) Percent of flights where peak positive and negative U 4 per flight
occurs within pressure altitude bands, any flap

Figure 19.- Peak positive and negative U 4, vs altitude.



Total Flights 983
Total Hours 102.71
Total Miles 18522.1

102 ¢
B O O
§ D OC
101 L &
E ol o
- O
i O
_a 100 |
5 i ) (0)
g
§ 101 |
& F
10‘257
10.3 11131111 | Ll1 L1 NN 1 L1 111 1 11
50 40 30 -20 -10 0 10 20 30 40 50
U,., ft/sec

(b) -500 to 4500 feet altitude

Figure 19.- Continued.



Percent of Flights

Total Flights 985
Total Hours 105.51
102 Total Miles 26173.9
10t |
- Loo| ©
= o C
= O' O
100 |
= O o)
101 | & ©
102 |—
10.3 1 1 1 L1 1 11 L1l il 1111111 I 1.1 L L1 1 11
-50 40 -30 -20 -10 0 10 20 30 40 50
U,, FT/S
(c) 4500 to 9500 feet altitude

Figure 19.- Continued.



Total Flights 985
Total Hours 104.07
102 Total Miles 33995.4
101 |
B O
N OO e}
3 100 a
E D
I - O O
Uy - O
S - o)
<
g 101} &
-
102 L.
10_3 Li i li1t Lild Liitlrirliirtl 1.1 L1l LL1l L. 1
50 40 -30 20 -10 O 10 20 30 40 50
U,, ft/sec

(d) 9500 to 14500 feet altitude

Figure 19.- Continued.

113



Percent of Flights

Total Flights 985
Total Hours 74.64
Total Miles 28461.5

102 =
101 =
100 |- o
: To|C
B D
B O g o
10 —b-O
102 E
10-3 1.1 1111111 111 1.1 L 1.1 L] 1 1 11 111 L1L
.50 -40 -30 -20 -10 0 10 20 30 40 50
U,, ft/sec

(e) 14500 to 19500 feet altitude

Figure 19.- Continued.



Total Flights 985
Total Hours 87.46
Total Miles 36365.1

102
101 |
=
a 100 |- R
B - 0|2
o N G
g B ON®)
g 101 | 100~ ©
A :
102 |-
10.3 1 1 1 i I 1 11 11110 11 i 1.1 1 11 111 1t el i 1l
50 40 -30 -20 -10 0 10 20 30 40 50
U,, ft/sec

(f) 19500 to 24500 feet altitude

Flgure 19.- Continued.



Total Flights 985
Total Hours 132.30

102 Total Miles 588634

F
101 =
'?b 100 = o
= : b | oS
» o
2 - O
g 10~ 3 & - e—10
A -
102 |
10.3 L1l L1l L1l Ll i il 1l Lt L1.1 1 11 Liiliill
50 40 -30 -20 -10 0 10 20 30 40 50
U.,., ft/sec
(2) 24500 to 29500 feet altitude

Figure 19.- Continued.



Total Flights 985
Total Hours 495.03
Total Miles 223579.8

102
S 10T
S0
2 100 E Sv)
-é” -
o B D g
- O
-1
5 0 E
A -
102 =
103 L1l L1l L1l 111 . 111 ey gttt 11 L1l
-50 40 -30 -20 -10 0 10 20 30 40 50
U,, ft/sec

(h) 29500 to 34500 feet altitude

Figure 19.- Continued.

117



Percent of Flights

Total Flights 985
Total Hours 663.54
Total Miles  296925.1

102 =
101 =
100
3 U
- D o Co
B C
101 — - )
10’2 _}
10.3 11 1 rt1ll LLl1 ] 1 1 [ | [ | 111 11 i i1l 1 1.1
S50 40 -30 -20 -10 0 10 20 30 40 50
U,, ft/sec

(i) 34500 to 39500 feet altitude

Figure 19.- Continued.



Total Flights 985
Total Hours 0.
- Total Miles 146.9

33

102 ~
101 |-
b<] 0
= 10 =
.zo :
o o
— N
o .
g 10
1
o =
D) -
A -
102
103 by b deaad s b e b b laaa i
-50 -40 -30 -20 -10 0 10 20 30 40

U,, ft/sec

(i) 39500 to 44500 feet altitude

Figure 19.- Continued.




Percent of Flights

Total Flights 985
Total Hours 1765.59
Total Miles  723033.9

102 ¢
N O ®)
R D 0|0 C
101 = - )
5 © o
100 |-
= [0)
; 0
10 —=¢p ©
102
-
10.3 [ 1 11 L1l [ 1.1 11 1 1.1 L1l 111 LLl 1 1
50 40 -30 -20 -10 0 10 20 30 40 50
U,, ft/sec

(k) -500 to 44500 feet altitude

Figure 19.- Concluded.

120



poroopp sdey mim seouEpsaoxa e -+gg amBLy

J0 e (¥)

TZ EE0EZL. MMOd QNY d0 SAVIZ STIIN LEOTIL 'TYIOL
69°S9LT AMOd ANY 40 §4VIZ SHNOH LHOT'IA 'TVIOL

586 SIHOTTZ TVIOL
1244} SYOOH 'TYLOL

0 (] 0 11070 €00°0 668" 1 zzZT 9 INSLEA NI SUNOH IBOITA

()} 0 0 ) ) 0 0 09" 1~

0 0 ] 0 ) [ 0 oy I-

o ] () ° 0 [ ) 0z 1~

) () ()} ()} 0 0 0 00" T-

0 o () () 0 0 ) 08~

) 0 [ 0 0 0 0 oL -

0 0 ° 0 ° 0 o 09"~

[ 0 ) 0 0 (] o 0s" -

) 0 0 0 0 0 ] oy -

0 0 0 0 0 0 0 o —

0 0 0 0 ) $92°S 1ZE°6 0z -

0 ) 0, o ) 8901V 996°05 ST -

° 0 0 1E2°69€ 000009 928" Y92 ST0°622 0T -

0 () ° 000°00ZT 000° 0021 0£8°0€8 89€° 1S9 50" -

0 0 ) ST9 78T 000" 00€E TSE EEL L6Z°929 °

0 0 (] B0E"ZT6 () 061°2¢€Z 690°912 50"

0 ) 0 0 ) 299°28 8LI"LY (14

0 0 0 o 0 y8y 62 YY" 61 ST

] 0 0 ° 0 81E'9 6EE°Y 0z"

0 o ) () 0 £50°T TZE"0 oE"

) 0 0 () ) 0 () ov”

) ) 0 0 ) 0 0 05"

) 0 0 ° 0 0 0 09"

0 0 ° [ ) 0 0 oL"

0 0 () ) 0 0 0 08"

0 0 0 0 ) 0 0 00T

0 0 ° 0 0 0 ° 0z'T

0 0 () 0 [\ 0 0 oyt

° 0 0 0 0 0 0 09°1T

14 oy 0€ 114 0z ST s s.b
TEATT
ﬂ.

INALAQ IV

121



Total Flights 985

Total Hours 1765.59
105 &
N 05 6.22 Hours
104 | 015 1.90 Hours
103 |-
3
n 0O (3
102 |-
5 F g QB
% 10! | %
- B
U B [am |
100 |— 5 -
- O
10‘1 E
10-2
10-3 { T 1 11 1 11 I 1 1 | I I I ! t 1. 1111
080 -060 -040 -020 000 020 040 060 0.80
a,
(b) Take off

Figure 20.- Continued.
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(d) a,, a.y, a5, -500 to 4500 feet altitude

Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Total Hours 1.93
Total Miles 771
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Figure 22.- Continued.
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Total Flights 64
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(b) -500 to 4500 feet altitude

Figure 23.- Continued.
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(c) 4500 to 9500 feet altitude

Figure 23.- Continued.
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Figure 23.- Continued.
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Figure 23.- Continued.
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(f) 19500 to 24500 feet altitude

Figure 23.- Continued.
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(g) 24500 to 29500 feet altitude

Figure 23.- Continued.
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Counts/Hour

Total Flights 64
Total Hours 1.94
Total Miles 869
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(h) 29500 to 34500 feet altitude

Figure 23.- Continued.
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Figure 23.- Continued.
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Total Hours .80
Total Miles 358

105

104

103

102

L A0 O RN SR AN YRR |
roN
7

Counts/Hour
[S** 3
S

100

T T T Tim

101

10-2

IS EIRill B RRLL

10-3 pepyboap e drrya byt irititrLl AN BEENEE NS

-0.20-0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20
a, g’s
(j) 39500 to 44500 feet altitude

Figure 23.- Continued.
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(k) -500 to 44500 feet altitude

Figure 23.- Concluded.

158



SIS SNUIASI-UON :$30UBIPaROXa P -4z amS1g

spueq opmnpe amssad s moy xod syunoo Sussom AT P (e)

588198 NMOQ ONY 40 S4AVIA STIIN LHOITA TYIOL
€6°SC NNOJ ONY a0 §4VvIA SY00H LIBEDITS 'TYIOL

144 SLEOTIA TYIOL
5879798 TZ°85€E 70" P9ZE 8Z 698 ST 08V €6°0LL SE"6TY SO0"6LY T1°89Y 00°60ST LI¢ B STIIN IBOI'TE
€6°ST 08'0 9T'L 61 M7 £6°1 1T°1 SS°1T S6°T sT°e IT¢ B SUN0H IEDITA

0 0 0 0 0 0 0 0 0 0 001~

0 o 0 0 ] 0 0 0 0 ] 06—

0 0 0 0 0 0 0 0 ] 0 ] o

0 1] 4] 0 0 0 0 0 0 0 oL-

0 0 0 A 0 0 o 0 0 0 09-

0 0 0 ] 0 0 0 0 0 0 0s—

0 0 0 0 0 0 0 0 0 [ or—-

0 0 0 0 0 0 0 0 0 0 0E—

0 0 0 0 0 0 0 ] 0 [ 0Z-
8070 0 0 0 0 0 0 0 - yZ°0 ST-
2670 0 0 0 0 0 0 0 B €0°€E [ 4
68" € 0 0 ] 0 0 0 0 20" 1 66° 1T 6—
TELT 0 0 (4 0 0 0 §9°0 T9°Y LOES -
95°S6 0 ™0 L9°S LE"Y 99° ¥ Syt SE'T1C 68765 oL LT €=
ZS°T6ET LY"B6ST €0°EVST 06°Z9LT 99°9991 B0 ETLT 96" 8LZT 86 BEST 66" 9891 99°S00T 0
20" 96 0 1’0 oL™9 S¢°S Z9°¢E €6°6 88752 cL°TS 0S°6LE €
8L°LT 0 0 €0°T 0 0 0670 §9°0 L A4 167 €S 9
(438 3 0 0 0 0 0 0 0 1670 0€" 0T 6
1870 0 0 0 0 0 0 0 [ »s°2 [48
ST°0 0 0 0 0 0 0 1] ] 8y’'o ST
7070 0 0 0 0 0 0 0 0 210 0z

0 0 0 0 0 0 0 0 0 0 114

0 0 0 0 0 0 0 0 0 ] oy

0 0 0 4] 0 0 ] 0 0 0 0s

0 0 0 0 0 0 0 0 0 0 09

0 0 0 0 0 0 0 0 0 0 oL

0 0 0 0 0 0 0 0 0 0 o8

0 0 4] [ 0 o 0 0 0 0 06

0 0 0 0 0 0 0 0 0 0 00T

oFs /LA
TEATI ALIDOTIA
LSOO QEAIYRQ
LI 00SYY LI 00S?Y LI 00S6E LI 00SYE &I 00S6¢C LI 00592 L& 00S6T LI 00SYT LI 0056 L& 00SY IVD

oL 00S— OL 00S6E OL 0097€ OL 00562 OL 00572 OL 00S6T OL 00SYT OL 00S6 OL 00SY oL 00S—

159



Counts/Hour

Total Flights 64
Total Hours 8.25
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(b) -500 to 4500 feet altitude

Figure 24.- Continued.
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(c) 4500 to 9500 feet altitude

Figure 24.- Continued.
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(d) 9500 to 14500 feet altitude

Figure 24.- Continued
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(e) 14500 to 19500 feet altitude

Figure 24.- Continued.
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(f) 19500 to 24500 feet altitude

Figure 24.- Continued.
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Figure 24.- Continued.
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Figure 24.- Continued.
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Figure 24.- Continued.
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Figure 24.- Continued.
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Figure 24.- Concluded.
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